Objective: Genetics is a known factor in the suscepibility to cardiovascular disease. In this study, polymorphisms of endothelial nitric oxide synthase (eNOS) (T876C and G894T) and hypoxiainducible factor 1 (HIF1) (rs10873142 and rs41508050) in coronary artery disease were compared with healthy subjects, and the relationship between these mutations and risk of coronary artery disease (CAD) was assessed. Methods: Blood samples were collected from 138 patients with obstructive CAD and 115 healthy subjects. Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP), Griess test, and enzyme-linked immunosorbent assay (ELISA) were used to measure serum nitric oxide (NO) and paraoxonase antioxidant. Independent t-test was used to examine the relationship between variables. Results: There was no significant difference between genotype frequency in healthy subjects and patients for eNOS and HIF1α polymorphisms. There was no significant difference between these polymorphisms and age, sex, hypertension and lipidemia. Furthermore, the difference in mean serum levels of NO in different genotypes of the G894T gene was not significant between the patient and control groups. However, the difference in mean serum NO levels in different genotypes of the T786C gene was significant between the patient and control groups such that minimum and maximum serum NO levels were observed in individuals bearing TT and TC genotypes, respectively. The difference in mean serum NO levels was higher in patients than in controls, and was statistically significant. Conclusions: The results suggest that the T876C polymorphism could be associated with low serum NO level and implicated as a risk factor for developing CAD. Furthermore, our findings indicate that genetics may not be involved in susceptibility to CAD; however, further comprehensive studies are required.
INTRODUCTION
Cardiovascular diseases, especially coronary artery disease (CAD), are a major cause of death worldwide. CAD is a complex, multi-factorial and polygenic disease caused by atherosclerotic plaques in coronary artery walls. Generally, hypertension, hypercholesterolemia, smoking and diabetes are known as the main risk factors for cardiovascular disease. However, less than 10% of men with chronic heart disease have three or four risk factors concurrently and over 60% of cases have no or only one risk factor. On the other hand, some people with these risk factors lack cardiovascular complications. Therefore, genetics should also be considered as another important risk factor associated with cardiovascular complications. The role of genetics in cardiac disorders has long been unclear but recent studies indicate 45 hereditary factors predisposing to cardiovascular diseases 1 .
Many studies suggest an equal contribution of genetic and environmental factors to the development of cardiovascular diseases and some researchers state that genetics plays the role of the trigger and environmental factors as shooting the gun 2 . Hence, the results of investigations addressing real contribution of genetics are not conclusive, prompting us to study the role of genetics in the development of CAD in the almost genetically untouched Lorestan Province in the west of Iran. Given the fact that the rate of immigration to this province has been low and inhabited almost entirely by indigenous people, we hypothesized that our analysis would yield results different from studies conducted in Iran and worldwide. Indeed, our previous study in this province showed a significant difference in the prevalence of beta globin gene mutations in patients with thalassemia major in the Lorestan Province compared with that in most global investigations 3 .
In the present research, we selected two genes of the Cite this article : Kiani A A, Nazarabad V H, Ahmadi K, Anbari K, Ahmadi B B. Polymorphisms of endothelial nitric oxide synthase and hypoxia-inducible factor 1 alpha genes play a role in susceptibility to coronary artery disease. Biomed. Res. Ther.; 5(9):2688-2696.
antioxidant system which are effective on the cardiovascular system; the genes are hypoxia-inducible factor 1 alpha (HIF1α) and endothelial nitric oxide synthase (eNOS). HIF1 acts as a regulator of oxygen homeostasis. It plays an important role in atherosclerosis pathology through activation of several key genes involved in angiogenesis, energy metabolism, apoptosis/proliferation response, and vasomotor function 6 .
In fact, acute ischemic injury due to lack of oxygen homeostasis has been implicated in CAD pathogenesis. Disrupted balance in oxygen supply and demand is a function of reduced blood flow due to atherosclerotic plaque formation and inflammatory processes within the vascular endothelium 8 .
In the study by Chen et al., HIF1α over-expression as well as correlation between HIF1α levels and severity of atherosclerosis have been reported 9 . Interestingly, polymorphisms can regulate the expression, structure and stability of HIF1α mRNA or protein 10 . Furthermore, eNOS is among the downstream target genes directly regulated by HIF1α 11 , and is one of the three enzymatic isoforms which converts L-arginine to Lcitrulline leading to NO synthesis 12 .
The aim of the present study was to assess the impact of C>T (rs10873142) and p.T4181 SNP: (rs41508050) polymorphisms in the HIF gene as well as the T786C and G894T polymorphisms in the eNOS gene with regards to CAD susceptibility. Moreover, we aimed to study the relationship between different genotypes of T786C and G894T polymorphisms with concentrations of NO, and the difference in serum levels of NO and PON in the patient and control groups in Lorestan Province, Iran. The reason for choosing these mutations was that they had the highest association with heart disease in previous studies.
METHODS

Subjects
This study was conducted in the Lorestan Province of Iran on 138 unrelated patients with CAD and 115 unrelated healthy subjects, from 2013 to 2015. Informed consent was obtained from patients and controls, and the study was approved by the Ethical Committee of Lorestan University of Medical Sciences. Patients supposedly with a history of CAD were referred to the angiography ward of the Cardiovascular Center at Shahid Madani Hospital in Khorramabad for further confirmation. Patients with established CAD were enrolled in the study. Healthy subjects were also enrolled after eligibility confirmation thorough examination.
The known risk factors for CAD are high blood pressure (≥ 90/140 mm Hg), diabetes mellitus (fasting glucose above 120 mg/dL or before treatment), family history of CAD, and smoking. These factors were assessed in both healthy subjects and patients. The case group included 73 men and 65 women with mean age of 61.53 ± 10.43 years, and the control group included 60 women and 55 men with mean age of 54.33 ± 13.41 years.
Phlebotomy
For genetic studies and measurement of serum biochemical parameters, venous blood samples were collected in the morning after overnight fasting and stored in EDTA-containing vials at 4
• C. The vials were then centrifuged at 3500 rpm for 5 minutes and separated serum samples were kept at -80
Geno Plus Genomic DNA Extraction Midiprep System (Viogene, Taiwan) was used for DNA extraction from blood samples, according to the manufacturer's instructions.
Biochemical analysis
Serum NO level was determined by Griess method 13 . Serum paraoxonase (PON1) level was measured using Human PON1 enzyme-linked immunosorbent assay (ELISA) Kit (Glory Science Co., Ltd, TX, USA) according to the kit protocol.
DNA analysis
We used polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) technique to detect different SNP alleles and genotypes. The primer sequences, PCR conditions, and restriction enzymes (Fermentas) are summarized in Table 1 14,15 .
The digestion products were then run on a 2% agarose gel and stained with safe stain.
Statistical analysis
SPSS version 18 was used for statistical analysis. The Hardy-Weinberg equilibrium for frequency of genotypes and characteristics of the subjects was reported with chi-square test. We used Fisher's exact test and odds ratio (OD) with 95% confidence interval (CI) to calculate the association between CAD and the genetic polymorphisms. NO and PON1 concentrations were expressed as mean ±SD. Mean concentrations of PON1 and NO in serum, as well as NO concentrations of the different genotypes, were compared via analysis of variance (ANOVA) and t-tests. P<0.05 was considered statistically significant.
RESULTS
Digestion of wild-type and polymorphic DNA yields fragments which are shown in 
Characteristics of CAD patients and control subjects
The characteristics of patients and healthy subjects are demonstrated in Table 2 . The two groups showed a significant difference in hypertension, hyperlipidemia and smoking (P <0.05). Distribution of genotypes and alleles of HIF1α and eNOS polymorphisms in patients vs. controls Distribution of genotype polymorphisms did not indicate deviation from the Hardy-Weinberg equilibrium (P>0.05). The frequency distribution of genotypes for the patient and control groups for 4 polymorphisms was compared in Table 3 . No significant difference was observed between the two groups for the 4 polymorphisms in terms of genotype and allele frequencies (all were P>0.05). Frequency comparison of C>T (rs10873142) polymorphism genotype of HIF1α gene in the two groups showed that the frequency of TC genotype was 47% and 51.8% in patients and controls, respectively. The CC genotype had the lowest frequency in patients (8%) and controls (9.1%), but the difference in frequency distribution of C>T (rs10873142) genotype in the two groups was not statistically significant.
The frequency of CC, TC and TT genotypes in p.T4181 (rs 41508050) polymorphism was 136 (98.55%) and 0 (0%), 2 (1.44%) and 113 (98.25%), and 1 (0.87%) and 1 (0.87%) in patient and control groups, respectively, for the genotypes. The difference in frequency distribution of p.T418I (rs41508050) genotypes in the two groups (patient and control) was not statistically significant. The frequency of TT, TC and CC genotypes in the T786C polymorphism in patient group was 74 (54%) and 55 (40.1%), 8 (5.8%); whereas in control group it was 57(50%), 47 (41.2%) and 10 (8.80%), respectively. The comparison of frequency of T786C genotypes between patient and control groups revealed that the TT genotype had the highest frequency (54% and 50%, respectively), while CC genotype had the lowest frequency in patient and control groups (54% and 50%, respectively). However, the difference in frequency distribution of T786C genotypes in the two groups was not statistically significant (P>0.05). The frequency of GG, GT and TT genotypes in G894 polymorphism in patient group was 74 (59.2%), 40 (32%),11 (8.8%); while it was 57(52.3%), 39 (35.8%) and 13 (11.9%) control group, respectively. Frequency comparison of G894 genotypes in patient and control groups showed that GG genotype had the highest frequency (59.2% and 52.3%, respectively) and TT genotype had the lowest frequency in patient and control groups (8.8% and 11.9%, respectively), but the difference in frequency distribution of G894T genotypes between the two groups was not statistically significant ( Table 3) .
Effects of T786C and G894T polymorphisms of eNOS on serum NO concentration
The difference in mean NO levels between healthy subjects and patients with different genotypes of T786C polymorphism was statistically significant (P=0.001), such that the highest and lowest NO levels were observed in individuals with TT and TC genotype, respectively (Table 4) . Moreover, the difference in mean serum NO levels for the genotypes of G894T polymorphism in patients and controls was not statistically significant.
Mean serum NO and PON1 concentration in case and control groups
The mean difference in serum NO levels between patients (1.48 ± 0.19 ×10 2 µmol/L) and controls (1.41 ± 0.12×10 2 µmol/L) was statistically significant (P=0.002); NO level was higher in the patient group than control. Mean serum concentration of PON1 enzyme was lower in patients (17.89 ± 13.97 nmol/L) than in the controls (21.23 ± 13.83 nmol/L), but the difference was not statistically significant (P=0.272).
DISCUSSION
CAD is a multi-factorial disease of which several genetic and environmental factors, as well as ethnic susceptibility, are involved in its development 1, 2 . Understanding the genetic factors involved in susceptibility to a disease results in better treatment options for the disease 16 . In this study, no significant association was found between C>T (rs10873142) and p.T4181 (rs41508050) polymorphisms of the HIF-1α gene with CAD. Different results have been reported in the study of association between HIF1α polymorphisms and cardiovascular diseases. There have been correlations reported for rs10873142, rs41508050 and rs11549465 polymorphisms with cardiovascular diseases, such as ischemic heart disease, CAD with stable exertional angina, and acute myocardial infraction 17 . However, no association was found for rs2057482, rs11549467 and rs11549465 polymorphisms with these diseases 18 .
The findings of other studies on the relationship between eNOS gene polymorphisms and CAD are not consistent. For instance, in 1998, Hibi et al. pointed out, for the first time, the relationship between NO synthase gene polymorphism and myocardial infarction 19 . Results from a study by Nakayama et al. suggests that the CC variant in T786C polymorphism reduces eNOs synthesis and predisposes the patients to coronary spasms 20 . A study on Caucasian population
showed that the C allele is associated with increased risk of multivessel CAD 21 . Tangurek et al. also found a significant difference in the distribution of T786C genotypes between patients and healthy subjects 22 .
However; similar to results of Granath et al. 23 and
Ciftci et al. 24 , we found no significant difference in the frequency of T786C genotypes between CAD patients and those in the control group. Furthermore, the frequencies of the T786C polymorphism genotypes in healthy subjects and patient groups were similar, but in general, a slight increase in the frequency of wild TT genotype was observed in patients. In a study in Iran, a significant increase in T mutant frequency was reported in patients compared to controls 25 .
In our study of the G894T polymorphism, genotypes frequency was similar in healthy subjects and patients but, in general, a slight increase was seen in the frequency of wild GG genotype in patients. In general, few studies have been conducted on the relationship between eNOS gene polymorphisms and NO serum levels. In a study in UK evaluating the effect of G894T, T786C, VNTR intron 4 and A922G polymorphisms on NO production, it was concluded that none of these polymorphisms affect the plasma NO production 26 . Similar to our study, in a study in Turkey, a correlation between CAD and T mutant allele in the G894T polymorphism, as well as serum levels of NO, was not confirmed 27 . Unlike our study, Yoon et al. reported increased serum levels of NO in control subjects bearing G894T mutation 28 .
In some studies, it has been reported that the T786C polymorphism does not affect plasma NO concentrations. Meanwhile in other studies, the association between reduced NO concentration in blood circulation and the presence of eNO-specific haplotypes bearing C (T786C) and G (G894T) alleles have been mentioned. In our study, the difference in mean NO levels in the different genotypes of T786C gene was statistically significant (P<0.05) in both healthy subjects and patients, in such a way that maximum and minimum NO level was observed in individuals with TT and TC genotypes, respectively. In general, NO serum level was lower in individuals with mutant C alleles (heterozygotes and mutant homozygotes) than those with wild homozygous alleles. The results of correlation between serum levels of NO and CAD are different (similar to results of gene distribution and frequency of polymorphisms). In this study, we saw a significant increase in mean serum levels of NO in CAD patients (1.48 × 10 2 ± 0.19 µmol/L) compared to healthy con-
NO plays an important role in atherogenesis, and atherosclerosis has been associated with decreased endothelial NO production. In these pathological conditions, the expression of eNOS may be increased and result in increased NO levels. These findings suggest that an increase in serum levels of NO in CAD patients can play a compensatory role for the resumption of endothelial vasomotor function [24] [25] [26] [27] [28] .
Increased oxidative stress or reduced antioxidant defense mechanisms may be involved in the onset and progression of atherosclerosis. In some studies, the relationship between reduced levels of PON1 with CAD has been mentioned, but Rahmani and Azizi (in separate studies on Iranian population) have reported no significant differences in PON1 activity in patients and controls [29] [30] [31] . In our study, although serum levels of PON1 in the patient group were lower than the control group, no significant difference was found in serum PON1 levels between the two groups. Moreover, we found no correlation between the frequency of genotypes and mutant alleles of T786C and G894T polymorphisms with CAD. Likewise, no correlation was found between G894T genotypes and serum NO levels in both groups. However, the difference of mean serum NO levels in T786C polymorphism in different genotypes was significant in both control and patient groups. In general, serum NO levels in individuals with mutant C allele (heterozygotes and homozygous mutants) were lower than individuals with wild-type homozygous allele.
CONCLUSIONS
Our results show that serum NO levels are relatively low in mutant C allele in T786C polymorphisms. As previously mentioned, inconclusive results suggest a correlation between NO gene polymorphisms, as well as NO serum levels, with cardiovascular disease. One possible explanation for these conflicting results could be that such studies usually concentrate on only one polymorphism in certain clinical conditions and the average impact may not be identified. Ethnic differences and the size of population under study can also impact inconsistent results from different studies.
To reinforce our understanding of the contribution of gene polymorphisms explored in this study and also to achieve any potential clinical relevance in terms of prognosis or therapeutic intervention for CAD patients, similar studies on these genes in different and larger populations are necessary.
